Three experiments were conducted to evaluate the response of supplementing primiparous heifers based on the metabolizable protein (MP) system during pregnancy and lactation. In Exp.
Introduction
The metabolizable protein (MP) requirement of heifers increases exponentially in the last trimester of gestation (NRC, 1996) . Because the MP value of grazed winter forage is low (Lardy, 1997) , a MP deficiency might exist during the winter in spring-calving heifers. The CP system does not differentiate between the re-800 condition score change, hay intake, and milk production were measured. In Exp. 1, grazed FOMI decreased (P = 0.0001) from 1.9% of BW in November to 1.2% in February, but no differences among treatments were detected for FOMI or BW change. In Exp. 2, grazed FOMI declined (P = 0.0001) from 1.7% of BW in December to 1.1% in February, with no differences among treatments. Heifers on the MPR/hay and CPR/hay treatments had higher (P = 0.0018) total intake (grazed forage + hay intake) in February (1.7% BW) than the MPR/no hay heifers (1.1% BW). Heifers on the MPR/ no hay treatment had a lower weight (P = 0.02) and tended (P = 0.11) to have a lower BCS than heifers on other treatments. In Exp. 3, the LMPR cows had higher (P = 0.02) ADG than LDIPR cows (0.41 and 0.14, respectively), but treatment did not affect milk production. Organic matter hay intake averaged 2.4% of BW. We conclude that supplementation to meet MP requirements had little benefit to heifer performance during gestation, but increased weight change during lactation. Because grazed forage intake decreased from 1.9 to 1.1% of BW with advancing gestation, supplemental energy is necessary to reduce weight and condition loss of gestating hefiers grazing dormant Sandhills range. quirements of ruminal microbes and the MP requirements of cattle. Therefore, basing supplementation decisions on the CP system may result in MP deficiencies. We demonstrated that feeding supplemental undegradable uptake protein (UIP) to spring-calving heifers during the winter to meet MP requirements improved subsequent 2-yr-old pregnancy rate (Patterson et al., 2000a) . We hypothesized that supplementing UIP to meet MP requirements of heifers during the winter would have positive effects on performance and nutrient balance.
Cows in late pregnancy have been shown to have lower intakes than nonpregnant cows (Jordan et al., 1973) , but this phenomenon was not observed in heifers grazing tallgrass prairie (Vanzant et al., 1991) . Intake of grazed forage by pregnant heifers grazing Sandhills winter range has not been reported. Lactating 2-yr-old cows have a high requirement for MP relative to nonlactating cows (NRC, 1996) . Supplementing UIP to young, lactating cows improved BW gain and the percentage of cows that bred early in the breeding season (Wiley et al., 1991) . We hypothesized that meeting NRC (1996) MP requirements for lactating 2-yr-old cows would positively affect production traits.
The objectives of this study were to: 1) determine BW and BCS change and forage intake of pregnant heifers grazing winter range when supplemented based on the MP system (NRC, 1996) or the CP system; 2) determine the effects of winter hay feeding on heifer performance; and 3) determine the effects of supplementing to meet NRC (1996) MP or degradable intake protein requirements of 2-yr-old lactating cows on performance, intake, and milk production.
Materials and Methods

Experiment 1
This experiment was conducted at the University of Nebraska Gudmundsen Sandhills Laboratory (GSL) near Whitman, NE (elevation 1,073 m, lat 42°05′ N, long 101°26′ W). The average annual precipitation from 1997 to 1999 was 59 cm. Table 1 shows monthly high and low temperatures, average wind speed, and precipitation for the months in which the experiment was conducted. Twelve pregnant, primiparous heifers (average calving date March 1) grazing native range were stratified by BW (432 ± 10 kg) and BCS (6.4 ± 0.2) on October 2, 1997 and randomly allotted to one of two supplemental treatments (six heifers/treatment). Treatments were two systems of supplementation designed to: 1) meet the MP requirement of the heifers through the winter (MPR), or 2) meet the CP requirement of the heifers (CPR). Feather meal was used for the UIP source in the MPR supplement (Table 2) , which contained 53% CP and 28% UIP (DM basis). The CPR supplement contained 51% CP and 14% UIP. Supplements were individually fed three times weekly starting October 13. The CPR supplement was fed at the rate of 409 g/d (DM) throughout the trial, supplying 57 g of UIP/d. The MPR supplement feeding rate was increased gradually from 310 g/d in October to 496 g/d in February to balance MP requirements, supplying 87 g of UIP/d in October, 127 g UIP/d in November, December, and January, and 140 g UIP/d in February. Heifers were not fed hay during the experiment. Beginning October 22, BW were measured twice weekly and BCS once monthly. Body weights were taken with no prior shrink at approximately 1300 each weigh day, and BCS were assigned by two trained technicians based on palpation of the ribs and vertebra (1 = thin to 9 = obese; as described by Richards et al., 1986) . The heifers were weighed and assigned a final BCS on February 13, 1998.
Heifers grazed in one 33-ha pasture throughout the experiment at a stocking rate of 1.7 animal unit months (AUM) per hectare. The pasture was located on a sands range site in good to excellent condition, which was , January 5, 1998 , and February 9, 1998 , fecal output was determined in 6-d fecal collection periods so that forage intake could be determined. All 12 heifers and four additional steers (November intake only) were orally dosed with a Captec Chrome for Cattle (Captec Pty. Ltd., Australia, distributed internationally by Nufarm Ltd., Otahunu, Auckland 6, New Zealand) intraruminal Cr sesquioxide time-release capsule (mean release rate of 1.49 g/d) 7 d before initiation of fecal collection. Rectal fecal samples were collected from all cattle at 0730 each morning of the 6-d collection periods. Samples were immediately frozen and stored until chemical analysis. On the first day of fecal collection in November, the four steers (383 kg, siblings to heifers) were fitted with total fecal collection bags. Bags were emptied at 0730 and 1700 each day for five 24-h collection periods, and feces in the bags were weighed, mixed, and subsampled (approximately 500 g). Subsamples were immediately placed in a 60°C oven for DM determination. Total fecal collections were used to correct for daily Cr release from capsules as described by Adams et al. (1991) . The correction obtained from total fecal collection in November was used to correct fecal output estimates at the other fecal collection periods (Hollingsworth-Jenkins et al., 1996) . The steers used for total fecal collection received no supplement. Rectal fecal samples taken from heifers on the day of oral capsule administration were used to adjust for baseline Cr concentration in feces. Fecal output was determined for each animal from the mean Cr concentration in fecal composites (composited across days for each animal during each fecal collection period) by the following equation: OM fecal ouput (kg) = Cr payout per day (mg)/concentration of Cr in fecal composites (mg/kg). Forage OM intake (FOMI) was calculated as described by Kartchner (1981) : FOMI = (total fecal OM daily excretion − estimated fecal OM from supplement)/ (diet in vitro OM indigestibility).
Extrusa samples were collected from three esophageally fistulated cows at two times during each fecal collection periods in November, January, and February (n = 6 diets/collection period). The cow's ages ranged from 2 to 10 yr and BW from 515 kg for young cows to 621 kg for aged cows. Cows were crossbreeds including Red Angus, Hereford, and Simmental. Extrusa samples were also collected on October 8 and December 6 (n = 3 diets/collection). Extrusa samples were collected by allowing cows to graze without the esophageal plug for 20 to 30 min. Extrusa was collected in screen-bottom bags and immediately frozen.
Extrusa and rectal fecal samples were freeze-dried and ground to pass a 1-mm screen in a Wiley mill. Fecal bag subsamples (dried at 60°C) were ground to pass a 1-mm screen. Rectal fecal composites, extrusa samples, and fecal bag subsamples were analyzed for DM and OM by AOAC (1990) methods. Chromium concentration was determined in rectal fecal composites by atomic absorption spectrophotometry using an air-plus-acetylene flame (Williams et al., 1962) . Crude protein content of extrusa samples was determined by AOAC (1990) methods. In vitro organic matter disappearance (IVOMD) and in vitro dry matter disappearance were determined on extrusa samples using a modified Tilley and Terry (1963) procedure with the addition of 1 g of urea to the buffer (Weiss, 1994) . Forage UIP (and thus degradable intake protein; DIP) was determined as described by Klopfenstein et al. (2000) . In brief, samples were incubated in situ for 48 h, and NDF extraction was performed on the in situ bags (Mass et al., 1999) . Forage UIP was determined by the amount of neutral detergent insoluble N remaining after 48 h. A 48-h incubation period was chosen to represent the estimated mean retention time of forage particles in the rumen (Lamb, 1996) .
Heifer BW data were averaged within week. Body weight and BCS data were analyzed as repeated measures (Littell et al., 1996) using the Mixed procedure of SAS (SAS Inst., Inc., Cary, NC). Because data were not equally spaced, the SP(POW) procedure was used to fit the time-series type covariance structure. Quadratic equations were fitted for each response variable over time, and time linear × treatment and time quadratic × treatment interactions were determined by the presence of significant coefficients for one treatment but not the other (Littell et al., 1996) . The effects of treatment and period (2 × 3 factorial arrangement) on fecal output and FOMI were determined by ANOVA in the GLM procedure of SAS.
Intake and nutrient data were used in the NRC (1996) model to determine nutrient balance of the heifers at the time of intake estimation. Data were modeled assuming thermoneutral conditions and a 9.5% microbial efficiency. Forage intake, CP, and UIP, which were calculated on an OM basis, were adjusted to a DM basis by assuming 10% ash. In vitro DM diasppearance was used to estimate forage TDN.
Experiment 2
On October 21, 1998, 18 pregnant heifers (average calving date was March 23) at GSL were stratified by BW (424 ± 8 kg) and BCS (6.1 ± 0.2) and randomly allotted to one of three treatments. Supplements were the same as those described in Exp. 1 (Table 2) , and treatments were three winter management systems: 1) supplementation to meet MP requirements with hay fed in January and February (MPR/hay), 2) supplementation to meet CP requirements with hay fed in January and February (CPR/hay), and 3) supplemen-tation to meet MP requirement with no hay fed in January and February (MPR/no hay). Supplements were fed as described in Exp. 1. Heifers were managed on the same pasture described for Exp. 1, at a stocking rate of 2.6 AUM/ha and an approximate cumulative grazing pressure of 0.99 AUM/t. Monthly temperature, wind, and precipitation data are shown in Table 1 . Hay was individually fed three times weekly at the rate of 1.4 kg/d (OM basis) beginning January 4, 1999. The amount was gradually increased to 1.8 kg/d by February 1 and 2.3 kg/d by mid-February. The hay was harvested from a subirrigated meadow in late June and contained 8.5% CP, 78% NDF (OM basis), and 57% IVOMD. Heifers were weighed weekly and assigned a BCS monthly by two trained technicians (except December). The experiment ended on February 21, 1999.
Fecal output was determined in two, 6-d fecal collection periods beginning December 15, 1998 and February 18, 1999 . Cattle were orally administered a time-release Cr capsule, and fecal measurements taken as previously described. Four steers were used to correct Cr payout from time-release capsules by total fecal collection in December and February. The steers were siblings of the heifers and weighed 419 kg. The December total fecal collection was used to adjust predicted fecal output for all heifers in December and for the MPR/No Hay heifers in February. The four steers used for total fecal collection in February were fed the previously described meadow hay (2 wk before fecal sampling) in similar quantities as the MPR/hay and CPR/hay heifers. The February total fecal collection was used to adjust fecal output measurements for the MPR/hay and CPR/hay heifers in February. Extrusa samples were collected using esophageally fistulated cows (same cows as Exp. 1) on October 19 (n = 3), December 16 and 18 (n = 6), January 16 (n = 2), and February 19 and 20 (n = 4). In vitro OM disappearance of extrusa samples collected during fecal collection periods was used to calculate forage intake from fecal output measurements. In February, grazed FOMI of heifers on the MPR/hay and CPR/hay treatments was calculated by: grazed FOMI = (total OM fecal excretion -estimated fecal OM from hay -estimated fecal OM from supplement)/(1 -diet IVOMD). Differences among treatments in fecal output, grazed FOMI, or grazed FOMI + hay intake were determined using a priori contrasts in the GLM procedure of SAS (MPR/hay vs CPR/hay and hay feeding vs no hay feeding). All other analyses were as previously described.
Experiment 3
The experiment was conducted at GSL in spring 1999, using the 18 2-yr-old cows described in Exp. 2 (average calving date March 23). Cows were maintained in a large drylot and allowed ad libitum access to late-June harvested meadow hay (9.5% CP, 1.8% UIP, 80% NDF (OM basis), and 54% IVOMD). On April 5, 1999 cows that were at least 7 d postpartum (n = 13) were blocked by previous winter treatment, stratified by BW and BCS, and randomly assigned to one of two supplement treatments. Treatments were 1) supplementation to meet MP requirements (LMPR), and 2) supplementation to meet DIP requirements (LDIPR). Cows and their calves were weighed both on April 5 and 6 at 0800 without deprivation from food or water, and a BCS (Richards et al., 1986) was assigned by two trained technicians on each day. At 7-d intervals, cows that were not allotted to treatments on April 5 but were at least 7 d postpartum, were assigned alternately to one of the two supplemental treatments. Cows and their calves were weighed, and cows were assigned a BCS on two consecutive days at 0800 when allotted to treatments. The five cows that were not allotted to treatments on April 5 eventually calved, with one additional cow added on April 12 and four cows added on April 19. Cows and calves were weighed off-test (without deprivation from feed or water), and cows were assigned a BCS at 0800 on May 27 and 28, 1999.
Both supplements were formulated to meet DIP requirements, and the LMPR had additional UIP to balance MP requirements (Table 3) . Requirements were generated using the NRC (1996) model assuming a peak milk production of 5.4 kg, forage DM intake of 2.5% of BW (DM basis), and diet microbial yield of 10.5% of TDN. The LMPR supplement was 61% CP and 31% UIP (DM basis) and the LDIPR supplement was 32% CP and 2% UIP. The LMPR was fed at the rate of 545 g/d (169 g of UIP/d), and the LDIPR supplement was fed at the rate of 590 g/d (12 g of UIP/d). Supplements were pelleted and fed three times weekly from April 7 to May 24, 1999. Any refused supplement was weighed and the amount recorded.
Twelve-hour milk production was determined by the weigh-suckle-weigh method on April 21 and May 18. On the day before measurements, the calves were removed at 1300 and were kept separate from dams until 1900, when they were allowed to suckle, and again removed. On the measurement day, calves were weighed at 0700, allowed to suckle, and then weighed again. Twenty-fourhour milk production was estimated by doubling 12-h milk production. Fecal output was determined during one 6-d collection period beginning May 3 as described for Exp. 1. Adjustments were made for daily Cr payout as previously described using four steers. Steers were penned with heifers and allowed access to the same hay from 1 wk before Cr capsule administration through the collection period. Steers were not supplemented (Hollingsworth-Jenkins et al., 1996) . Fecal analysis and intake calculations were as previously described.
Beginning April 12, cows were bled once weekly via jugular venipuncture. Plasma was harvested by centrifugation and stored in plastic screw-cap vials at −20°C. Plasma progesterone was determined by RIA (Coat-ACount assay kit; Diagnostic Product Corp., Los Angeles, CA) by the methods of Melvin et al. (1999) . Animals were considered to be exhibiting normal estrous activity when plasma progesterone was greater than 1 ng/mL. Data were analyzed in an unbalanced block design using the GLM procedure of SAS. The design was unbalanced because an equal number of cows from previous winter treatment (block) was not represented in each treatment of this study. Calving date was tested as a covariate for all variables. Calving date was only significant as a covariate for cow ADG, calf initial weight, and calf final weight.
The University Animal Care and Use Committee approved procedures for all three experiments, including establishment of fistulas in cows.
Results and Discussion
Experiments 1 and 2
Crude protein content of esophageal extrusa samples was relatively consistent across experiments, ranging from 9.1 to 5.7% in Exp. 1 and 8.4 to 5.4% in Exp. 2 (Table 4) . Forage UIP ranged from 1.1 to 1.8% of OM across experiments. Both the level and range of winter Sandhills forage UIP was similar to that reported by Lardy (1997) Most of the variability in winter Sandhills forage CP content was associated with the DIP fraction. Extrusa sample IVOMD declined in January and February in both experiments compared to October and December diets, but the decline was greater in Exp. 2 (0.9 and 4.5 percentage unit decline from December to February in Exp. 1 and 2, respectively). The higher stocking rate in the second experiment (1.7 vs 2.6 AUM/ha for Exp. 1 and 2, respectively) could have potentially caused the reduction in diet digestibility. Vavra et al. (1973) showed that increased stocking intensities of yearling cattle during the summer reduced diet digestibility in some situations, but found very little effect of stocking intensity on CP. In the Nebraska Sandhills, Yates et al. (1982) found that CP content of continuously grazed pastures declined over the winter, but increased cumulative grazing pressure had no effect on diet digestibility. Downs (1997) showed that IVOMD declined linearly with increased winter stocking rate. Patterson et al. (2000b) found that the CP and IVOMD of fall Nebraska Sandhills range declined with increased grazing pressure in 1997, but not in 1998. The cause of lower diet IVOMD in Exp. 2 is not certain, but it is likely due to increased grazing pressure. Both the low IVOMD (energy) and UIP value of Sandhills winter range caused the forage to have a low MP value.
Extrusa sample IVOMD used to calculate FOMI in Exp. 1 was 53.4% in January, 51.4% in December, and 50.5% in February. Due to heifers regurgitating the time-release capsules in Exp. 1, there were only five heifers included in the intake analysis for the CPR treatment in November, both treatments in January, and the MPR treatment in February. Organic matter fecal output and FOMI (kg/d and percentage of BW) did not differ (P = 0.25) between treatments, and no treatment × intake period interactions (P = 0.63) were detected (Table 5) . Heifers on the CPR treatment had a lower BW during intake measurements than the MPR treatment (P = 0.03), but this did not affect forage consumption. Fecal output and FOMI declined from November to January (P = 0.01) and tended to decline from January to February (P = 0.15). Heifer FOMI declined from 8.5 kg/d (1.9% of BW) in November to 5.2 kg (1.2% of BW) in February. Measurement differed between periods: November vs January, P = 0.007; November vs February, P = 0.0001; January vs February, P = 0.15. f Measurement differed between periods: November vs January, P = 0.001; November vs February, P = 0.0001; January vs February, P = 0.14.
In Exp. 2, IVOMD values used to calculate FOMI were 52.9% in December and 48.3% in February. Due to heifers regurgitating time-release capsules, only 5 heifers were included in the intake analysis for both hay-fed treatments in February. Hay-fed heifers were heavier (P = 0.0005) during intake measurements than non-hay fed heifers (Table 6 ). Heifers supplemented with hay had lower fecal output from grazed forage and grazed FOMI (P = 0.004) than non-hay fed heifers when intake was expressed as a percentage of BW. The lack of treatment × intake period interactions (P = 0.73) for grazed FOMI or FO indicates that hay supplementation did not cause the reduced intake because hay was only supplemented during the February intake measurement. The difference in intake as a percentage of BW was possibly due to lower BW in the MPR/no hay treat- ment. Because all cattle were of similar frame size, differences in BW between treatments were likely due to body condition in February (Figure 1 ). It is not clear why the treatment where no hay was fed resulted in a lower BW before hay feeding began than the hay-fed treatments. Consistent with these results, Adams et al. (1987) showed that body condition of cows had no effect on amount of forage consumed, but thin cows consumed more as a percentage of BW. Organic matter fecal output from grazed forage and grazed FOMI declined from December to February (P = 0.0001). The decline in grazed FOMI from 1.7 to 1.1% of BW across measurement dates was similar to that noted in Exp. 1. Due to hay supplementation in February, there was a treatment × intake period interaction (P = 0.002) for total FOMI (hay plus grazed forage) and fecal output from total diet. Total intake and fecal output from total diet were greater (P = 0.002) in February for hay-supplemented vs non-hay-supplemented heifers (both in kilograms per day and percentage of BW). Supplementing hay in February returned total forage intake to values similar to that measured in December when no hay supplementation occurred.
The degree of decline in grazed FOMI across intake periods was greater than expected. Cold ambient temperatures can cause reductions in grazed forage intake (Adams and Short, 1988) and diet digestibility (Christopherson, 1976 , Kartchner, 1981 . Likewise, cold stress has been demonstrated to have a larger effect on grazing time of young cows than of old cows (Adams et al., 1986) . In general, average low ambient temperatures declined from October to January, but were elevated somewhat during February (Table 1 ). In Exp. 1, average low ambient temperatures measured 2 d before and during fecal collection periods were −10.6, −13.2, and −4.1°C for November, January and February periods, respectively. In Exp. 2, average low ambient temperatures were −8.8 and −6.7°C for December and February collection periods, respectively. Thus, cold ambient temperature does not likely explain the reduction in February intake during either experiment.
Increased grazing pressure and/or reduced forage allowance can cause a reduction in grazed forage intake (Allison, 1985) . Pinchak et al. (1990) showed that intake was reduced during the winter when standing crop reached 600 kg/ha, with no change in diet digestibility. Although standing crop estimates were not measured directly in the present study, they would not be expected to drop below 1,200 kg/ha at any time during the study. This is especially true during Exp. 1, when grazing pressure was 0.65 AUM/t. Patterson (2000) reported that utilization of standing forage did not increase when dormant season stocking rate was increased from 2.0 to 3.0 AUM/ha, indicating that forage intake was markedly reduced. Low forage allowance and/or low forage digestibility may have caused a reduction in intake during February of Exp. 2. Allison et al. (1981) showed, however, that intake was not reduced at forage allowances as low 10 kg/animal unit day. Handl and Rittenhouse (1972) found that herbage intake was not affected with standing herbage crops as low as 175 kg/ha. These range sites were somewhat different than the Sandhills where our research was conducted, however.
Another potential cause for reduced forage intake in gestating heifers is a reduction in rumen volume due to compression of the rumen by fetus and fluids. Forbes (1969) showed a negative relationship between volume of ruminal contents and volume of incompressible abdominal contents (uterus + fat + empty intestines) in ewes. Ruminal fill can limit intake of low-quality diets . This phenomenon has been demonstrated in twin-bearing sheep (Forbes, 1970; Ramsey et al., 1998) . Jordon et al. (1973) showed that pregnant cows fed hay had 12% lower intakes 2 wk before calving than nonpregnant cows, and cows fed silage had lower intakes 8 wk before calving. Stanley et al. (1993) fed pregnant cows chopped alfalfa (16% CP, 51% NDF) and found that DMI and indigestible ADF passage increased up to calving. Vanzant et al. (1991) showed that pregnant primiparous heifers grazing tallgrass prairie and supplemented with alfalfa pellets had higher DMI than nonpregnant heifers at 2 mo before calving and similar intakes within 2 wk of calving. Passage of indigestible fiber was greater for pregnant than nonpregnant heifers. Digestibility estimates in the work of Vanzant et al. (1991) ranged from 55 to 60% of DM.
Rate of passage seems to increase in pregnant cattle, perhaps in an attempt to match intake with nutrient requirements. Increased passage could be caused by increased rumination time during pregnancy (Forbes, 1970) or by neural or hormonal regulation (Faichney and White, 1988) . The diets in the studies of Stanley et al. (1993) and Vanzant et al. (1991) were higher in digestibility than those recorded in the present study. Rate of passage may not be sufficiently increased to compensate for reduced ruminal volume when lowquality winter range is consumed. Elevated estrogen concentrations before calving have been associated with intake reductions (Grummer et al., 1995) , but this phenomenon would be more likely to exist just before parturition. The latest intake experiments described in this study were conducted approximately 28 d before calving. It cannot be determined from these data whether pregnancy caused a reduction in grazed forage intake. Indeed, the heifers were able to consume supplemental hay without further reduction in grazed FOMI.
Body weight measurements across time for each of the two treatments in Exp. 1 are shown in Figure 1 . Heifer BW varied over time (P = 0.0001), but there was no overall effect of treatment (P = 0.17) on heifer BW (mean weights of 454 and 436 kg [SEM = 8.8 kg] for MPR and CPR, respectively). There was a tendency (P = 0.11) for a treatment × time interaction for heifer Figure 2 . Body condition score (1 to 9 scale; 1 = emaciated, 9 = obese) of heifers grazing native range over the winter of 1997 to 1998 (Exp. 1) when supplemented to meet metabolizable protein (MPR) or CP requirements (CPR).
BW, as MPR heifers gained more BW from October to December than CPR heifers. Both groups appeared (Figure 1 ) to lose BW from December through February, as energy intake likely became limiting. Quadratic equations fit (P = 0.0001) heifer BW change over time, but no time quadratic × treatment interactions were detected (P = 0.30). Heifer BCS (Figure 2 ) varied over time (P = 0.0001), but there was no overall effect (P = 0.31) of treatment on BCS (mean BCS 5.9 and 5.7 [SEM = 0.1] for MPR and CPR, respectively). Quadratic equations fit (P = 0.006) heifer BCS change over time ( Figure  2 ). The quadratic coefficient was significant (P = 0.02) for the MPR treatment but only tended (P = 0.12) to be significant for the CPR treatment. The CPR heifers lost more BCS in the fall and less during the winter than MPR heifers, which caused the quadratic coefficient to approach non-significance. Heifers on both treatments lost substantial condition from December to February.
In Exp. 2, heifer BW varied (P = 0.0001) over time (Figure 3) . The MPR/no hay heifers had a lower BW than the MPR/hay (P = 0.03) and CPR/hay (P = 0.01) heifers (mean BW= 410, 414, 390 kg [SEM = 6 kg for MPR/hay, CPR/hay and MPR/no hay, respectively]). Quadratic equations did not strongly describe (P = 0.15) heifer BW loss over time. A time linear × treatment interaction (P = 0.02) occurred for BW. The BW of MPR/ no hay heifers declined linearly (P = 0.0001) over time, whereas MPR/hay and CPR/hay heifers were able to maintain BW (P = 0.50). Ruminal DM fill likely caused a portion of the BW difference between hay fed heifers and heifers not fed hay. Heifer BCS (Figure 4 ) varied (P = 0.0001) over time and tended to vary (P = 0.11) across treatments. The MPR/no hay treatment had a lower BCS (P = 0.04) than the MPR/hay treatment (mean BCS = 5.6 vs 5.8 [SEM = 0.07] for MPR/no hay and MPR/hay, respectively), but the MPR/hay treat- Figure 3 . Body weight of heifers grazing native range over the winter of 1998 to 1999 (Exp. 2) when supplemented to meet metabolizable protein or CP requirements and fed hay in January and February (MPR/hay and CPR/hay, respectively), or supplemented to meet metabolizable protein requirements and not fed hay (MPR/ no hay). ment did not differ (P = 0.30) from the CPR/hay treatment (mean BCS = 5.7). Quadratic terms did not fit (P = 0.85) the change in heifer BCS over time. A time linear × treatment interaction occurred for BCS (P = 0.01), representing the loss of BCS by the MPR/no hay treatment in January and February.
The nutrient balance of the heifers during Exp. 1 and 2 are shown in Tables 7 and 8 , respectively. Degradable intake protein was adequate in all diets during both experiments. However, energy (NE m ) and MP were not Figure 4 . Body condition score (1 to 9 scale; 1 = emaciated, 9 = obese) of heifers grazing native range over the winter of 1998 to 1999 (Exp. 2) when supplemented to meet metabolizable protein or CP requirements and fed hay in January and February (MPR/hay and CPR/hay, respectively), or supplemented to meet metabolizable protein requirements and not fed hay (MPR/no hay). The reason that heifers on the MPR treatment tended to gain more in the fall in Exp. 1 (treatment × time interaction, P = 0.11) but not Exp. 2 is not evident. Supplemental feeding began 9 d earlier in Exp. 1. Heifers may have responded more to balanced MP in the diet when energy was not limiting in mid-October; however, a 9-d difference in initial feeding date would not be expected to result in the 20-kg difference (P = 0.02) in BW measured during the February intake period of Exp. 1. Spring-calving cows grazing Sandhills range in the winter have been shown to have a requirement for DIP (Hollingsworth-Jenkins et al., 1996) but not UIP (Karges, 1990) . In contrast, Miner et al. (1990) found that the addition of either blood meal or corn gluten meal to soybean meal supplements for gestating beef cows during the winter decreased BCS loss compared to no supplement or soybean meal supplementation. In a companion study to the current experiments, Patterson et al. (2000a) showed that balancing the MP requirements of gestating heifers improved subsequent pregnancy rate without affecting BW or BCS change during the winter. The data reported in this study show that MP deficiencies might be reduced when sources of UIP are supplemented during winter, and there is the potential for UIP supplementation to improve performance if energy intake is not limiting.
Experiment 3
The average calving date was similar for the LMPR and LDIPR treatments (Table 9 ; March 23 and March 22, respectively). Cows on the LMPR treatment had a higher ADG (P = 0.02) than cows on the LDIPR treatment (0.41 vs 0.14 kg/d for LMPR and LDIPR, respectively). There were no differences in cow BCS change (P = 0.21), but cows on the LMPR had a positive BCS change compared to the negative change observed with the LDIPR treatment. Calf gain was not affected by treatment.
Cow BW at the start of the fecal collection period (May 3), which were estimated from initial weight and ADG for each animal, were the same between treatments (Table 10 ; 387 ± 8 kg). Due to regurgitation of the time-release capsules, only six and eight heifers were in the intake analysis for LMPR and LDIPR treatments, respectively. There were no effects (P = 0.53) of treatment on fecal OM output or OM hay intake. Hay OM intake averaged 9.2 kg and 2.4% of BW.
Twenty-four-hour milk production did not differ (P = 0.97) between treatments in April or May (Table 11) . Milk production declined (P = 0.0005) from an average 7.2 kg/d in April to 4.9 kg/d in May across both treatments. Peak milk production occurred sooner than the value of 8.5 wk predicted by NRC (1996) . Supplementation with UIP during the postpartum period has been shown to increase milk production (Kaur and Arora, 1995) . Blasi et al. (1991) showed that 230 g/d of UIP supplemented to lactating cows increased milk production, but 340 g/d of UIP decreased milk production. Appeddu et al. (1996) hypothesized that UIP supplementation repartitioned nutrients away from milk and towards body condition.
The nutrient balance of both treatments in April and May is shown in Table 11 . Cows on the LDIPR treatment did not consume all of the supplement offered. On average, the LDIPR cows consumed 454 of the 590 g of supplement offered per day, with a range of 383 to 481 g/d across all cows in that treatment. Few refusals were recorded for the LMPR treatment. Despite the low supplement consumption on the LDIPR treatment, DIP was in excess for both treatments in April and May. Energy was markedly deficient for both treatments in April and slightly deficient in May. Metabolizable protein was deficient for both groups in April (−68 and −181 g/d for LMPR and LDIPR, respectively). The reason that the LMPR did not meet MP requirements in April is that milk production was underpredicted for the cows when supplements were formulated. In May, when milk production declined, the LMPR cows were +58 g/d in MP compared with −57 g/d for the LDIPR cows. Reducing the MP deficiency in April and alleviating the deficiency in May resulted in the higher ADG by the LMPR cows. Plasma progesterone was not above 1 ng/mL for any cow at any sampling point, indicating that no cows exhibited luteal activity by May 17 (second to last bleeding). Twenty-four-hour milk production was determined by the weigh-suckle-weigh procedure; SEM = 0.6; milk production declined (P = 0.0005) across measurement dates. Similar to our results, Wiley et al. (1991) showed that UIP supplementation to lactating cows increased postpartum BW change. These authors reported that UIP supplementation also increased the percentage of cows bred in the first 21 d of the breeding season. Breeding performance was not measured in the current study, but no differences were noted in luteal activity within 60 d after calving. Young cows often have longer postpartum intervals (PPI) than mature cows (Short et al., 1990) . Lalman et al. (2000) reported PPI of greater than 100 d for primiparous beef cows, regardless of postpartum energy level, but low postpartum energy intake increased PPI compared to high postpartum energy intake. Both precalving energy level (Bellows and Short, 1978) and BCS at calving (Richards et al., 1986) can affect PPI. The cows in the current study were at a BCS of 4.7 at the initiation of the experiment, which was a marginal level of condition for young, lactating cows (Richards et al., 1986) . Lardy et al. (1999) , working with summer-calving cows, found no response to UIP supplementation (in addition to DIP) on cow BW loss or pregnancy rate. The results of the current study showed that UIP supplementation to spring-calving, 2-yr-old cows consuming meadow hay increased postpartum BW change.
Implications
Pregnant heifers grazing winter range and lactating 2-yr-old cows consuming meadow hay are deficient in metabolizable protein. Supplementing heifers to meet metabolizable protein requirements in gestation may not result in marked differences in body weight and body condition score. Grazed forage intake of pregnant heifers decreases with advancing gestation, necessitating the need for supplemental energy.
